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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an intra-vascular s 
catheter. In particular, the present invention relates to 
an Intravascular catheter, such as a dilatation balloon 
catheter, of the type which is advanced over a guide 
wire having a distal guide wire lumen which is shorter 
than the length of the catheter and which extends 10 
through the balloon of the catheter. 

Angioplasty procedures have gained wide accept- 
ance in recent years as efficient and effective methods 
for treating types of vascular disease. In particular, angi- 
oplasty Is widely used for opening stenoses in the coro- is 
nary arteries, although it is also used for the treatment 
of stenoses In other parts of the vascular system. 

The most widely used form of angioplasty makes 
use of a dilatation catheter which has an inflatable bal- 
loon at its distal end. Typically, in coronary procedures a 20 
hollow guide catheter is used in guiding the dilatation 
catheter through the vascular system to a position near 
the stenosis (e.g., to the coronary artery ostia). Using 
fluoroscopy, the physician guides the dilatation catheter 
the remaining distance through the vascular system 2s 
until a balloon is positioned to cross the stenosis. The 
balloon is then inflated by supplying fluid under pres- 
sure, through an inflation lumen in the catheter, to the 
balloon. The inflation of the balloon causes a widening 
of the lumen of the artery to reestablish acceptable 30 
blood flow through the artery. In procedures in the 
peripheral vessels (vessels other than coronary ves- 
sels) the guide catheter may not always be used. 

Preferably a catheter will have several physical 
characteristics. Rrst, there has been a continuing effort as 
to reduce the profile and shaft size of the dilatation cath- 
eter so that the catheter not only can reach but also can 
cross a very tight stenosis. Portions of dilatation cathe- 
ter must also be sufficiently flexible to pass through tight 
curvatures especially in the coronary arteries. The abil- 40 
ity of a catheter to bend and advance through the vas- 
culature is commonly referenced to as the "trackability 
of the catheter." A further requirement of a dilatation 
catheter is its "pushability." This involves the transmis- 
sion of longitudinal forces along the catheter from its 4s 
proximal end to its distal end so that a physician can 
push the catheter through the vascular system and the 
stenoses. The catheter should be both relatively tracka- 
ble and pushable. 

Two commonly used types of dilatation catheters so 
are referred to as "over-the-wire** catheters and "non- 
over-the-wire" catheters. An example of a „non-over- 
the-wlre" catheter Is disclosed In GB-A-2 208 607. Here 
the catheter is a fixed wire catheter having a proximal 
shaft segment and a distal segment carrying a dilatation 55 
balloon. The distal segment includes an elongate sup- 
port wire which is connected to and extends distally of 
the proximal segment. The support wire is connected to 



the proximal segment by a short transition tube formed 
of hypodermic tubing. To permit the balloon to be 
inflated the transition tube is provided with a pair of lon- 
gitudinal slots which communicate tiie interior of the 
proximal shaft segment with the interior of the distal 
segment. The support wire extends freely through tiie 
balloon, the distal end of which is attached to a coil 
spring which in turn is attached to the support wire. An 
over-the-wire catiieter is one in which a separate guide 
wire lumen is provided in the catheter so that a guide 
wire can be used to establish the patii tiirough tiie sten- 
oses. The dilatation catheter can tiien be advanced over 
tiie guide wire until the balloon on the catheter is posi- 
tioned witiiin tiie stenosis. 

WO-A-9200775 discloses a catheter comprising a 
multi-lumen shaft having a large main lumen extending 
over the whole lenght of the catheter through which a 
corewire may be provided and tiirough which a contrast 
medium may be supplied in order to inflate a balloon 
attached near the distal end of the catheter shaft. The 
multi-lumen shaft also includes a snrtall lumen to inflate 
a inflatable seal disposed witiiin tiie distal tip of the cath- 
eter shaft. By inflating the inflatable seal, a corewire 
may be locked, so that tiie catheter acts as a fixed-wire 
catheter. In tiie deflated condition of tiie inflatable seal 
tiie catiieter acts as a semi-movable catheter, so that 
while leaving the corewire in place, tiie catiieter shaft 
may be entirely removed from the corewire. To tills end 
ttie lenght of the corewire has to be at least double ttie 
lenght of the catheter shaft. 

In some over-tiie-wire catheters, tiie guide wire 
lumen does not extend tiie entire length of the catheter. 
In tiiis type of catheter, the guide wire lumen extends 
only from the distal end of tiie balloon to a point proxi- 
mal of the balloon but distal of tiie proximal end of the 
catheter. 

It is sometimes desirable to use a smaller or larger 
balloon tiian tiiat initially used. The catiieter is prefera- 
bly exchanged by leaving the guide wire in place and 
using it as a guide for the next catheter. It is said that 
shortened guide wire lumen type catiieters are easier to 
exchange than catiieters having the guide wire lumen 
extending the entire length of the catheter. 

While several structures for shortened guide wire 
lumen dilatation catheters have been proposed, these 
structures suffer from several disadvantages. For exam- 
ple, some catheters have relatively flexible one-piece 
plastic design. Because tiie distal end of tiie guide wire 
exits tiie catheter near tiie distal end of the shaft por- 
tion, the guide wire cannot contribute to tiie pushability 
of tiie majority of the shaft portion. Thus, the proximal 
shaft portion of such catheters has low column strength. 
With such a configuration, the catheter shaft and tiie 
portion of the guide wire which extends outside of tiie 
guide wire lumen will tend to separate toward opposite 
walls of the artery as the catiieter is advanced or 
retracted. That is, the shafts and guide wire tend to 
"scissor" and bow, buckle and tiie shaft may even kink 
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when the balloon is advanced or retracted across a 
lesion. This scissoring or bowing may lead to abrasions 
to the inner lining of the artery. This scissoring or bow- 
ing also leads to poor pushability and trackability of the 
catheter. To counteract this deficiency, some known 5 
designs have extended the length of the guide wire 
lumen and/or provided additional stiffener elements in 
the shaft. 

In one recently developed design, a large part of 
the proximal catheter shaft is made of a metallic tube 10 
(commonly referred to as a hypotube). As desaibed in 
more detail below, the hypotube construction provides 
the desired pushability and yet may have a relatively 
small outer diameter or profile. 

In catheters of this hypotube design, the inlet for the is 
guide wire lumen is usually placed near or adjacent to 
the distal end of the hypotube. (The "Inlet" to the guide 
wire lumen here refers to the proximal guide wire lumen 
aperture and the "outlet" to the gukle wire lumen refers 
to the distal guide wire lumen aperture.) This location of 20 
the guide wire inlet, however, may not always be at a 
location which is the most desirable. If the guide wire 
inlet is placed adjacent the distal end of the hypotube. 
either the flexible plastic shaft segment will be short or 
the guide wire lumen will be relatively long. 25 

On the other hand, placing the guide wire lumen 
inlet distally of the distal end of the hypotube (in the 
plastic shaft segment) has several disadvantages with 
presently available designs. The hypotube is relatively 
stiff and the plastic segment is relatively flexible. The 30 
part of the plastic shaft segment through which the 
guide wire runs will also be relatively stiff when the 
guide wire is in place (compared to the part of the plas- 
tic segment through which the guide wire does not run). 
Thus, if the guide wire inlet is placed distally of the distal 3S 
end of the hypotube. a relatively flexible section is 
defined between two relatively stiff sections. Such a 
configuration will tend to bend or buckle in the relatively 
flexible area as an attempt is made to advance the cath- 
eter through the vasculature. Therefore, the responsive- 40 
ness of the catheter will be substantially diminished. 
Further, the catheter might tend to kink at the section 
between the two relatively stiff sections. Such kinking 
would tend to close the inflation lumen -an obviously 
undesirable event. 45 

Therefore, it is an object of the present invention to 
provide an over-the-wire catheter of the short guide wire 
lumen type having improved pushability and trackability. 

SUMMARY OF THE INVENTION 50 

The present invention is an intravascular catheter 
which may be guided over a guide wire, such as a dila- 
tion balloon catheter, having a relatively stiff proximal 
shaft section and a relatively flexible distal shaft section, ss 
The guide wire lumen extends from a distal end of the 
catheter through a balloon of th catheter and exits the 
catheter at a point proximal of the balloon. The distal 
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shaft section is reinforced, by a transition member, In a 
manner that provkies a relatively flexible distal end and 
yet prevents closure or kinking in the flexible part of the 
catheter. The transition member permits the inlet to the 
guide wire lumen to be placed distally of the end of the 
relatively stiff catheter shaft, that is, in the more flexible 
section. 

In one embodiment of the present invention, the 
catheter is a balloon dilatation catheter which includes a 
proximal shaft section defined by a thin-walled, high 
strength metallic tube. A distal shaft section is attached 
to the distal end of the metallic tube. The balloon is 
attached to the distal end of the distal shaft section. An 
inflation lumen is defined through the metallic shaft sec- 
tion and the distal shaft section. Inflation pressure is 
provided to the balloon through the inflation lumen. A 
lumen which receives a guide wire extends at least the 
length of the balloon. The guide wire lumen inlet is dis- 
posed distally of the distal end of the metallic tube. The 
distal shaft section includes a transition member which 
gives the distal shaft section axial rigidity. 

The transition member advantageously permits 
placement of the proximal guide wire lumen opening 
near the proximal end of the balloon while optimizing 
pushability/brackability in the flexible distal shaft section. 
The transition member also prevents kinking of the infla- 
tion lumen which may occur due to the abrupt change 
from the relatively stiff metallic tube to tiie relatively flex- 
ible distal shaft section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional side elevational view of a pre- 
tended embodiment of a balloon dilatation catheter of the 
present invention having a distal guide wire lumen 
therethrough and showing a guide wire. 

FIG. 2 is a sectional side elevational view of the 
proximal end of the balloon dilatation catheter of FIG. 1. 

FIG. 3 is an enlarged sectional side elevational view 
of the distal end of the balloon dilatation catheter of FIG. 
1. 

FIG. 4 is an enlarged sectional view as taken along 
line 4-4 in FIG. 2. 

FIG. 5 is an enlarged sectional side elevational view 
of a portion of tiie balloon dilatation catiieter off the FIG. 
1. 

FIG. 6 is a side view of a preferred embodiment of 
the transition member of the present invention. 

FIG. 7 is a sectional view as taken along line 7-7 in 
FIG. 6. 

Although the above-identified figures set forth one 
embodiment of the invention, other embodiments are 
also contemplated. This disclosure presents an illus- 
trated embodiment of the present invention by way of 
representation and not limitation. It should be under- 
stood that numerous modifications and embodiments 
can be devised by those skilled in the art which will fall 
within the scope and spirit of tiie principles of tills inven- 
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tion. 

DETAILED DESCRIPTION OF TH E PRESENTLY PRE- 
FERPED EMBQPIMENTS 

Overall Catheter Structure 

A balloon dilatation catheter 20 covering one 
enrdxxiiment of the present invention is illustrated gen- 
erally in FIG. 1 . Although the following description of the 
invention is directed to a balloon dilation catheter, it will 
be appreciated by those skilled in the art that the invien- 
tion may be used on other interventional catheters with 
vascular interoperative devices, such as atherectomy 
devices, ultrasonic imaging and therapeutic catheters, 
laser catheters, stent delivery catheters, and perfusion 
catheters. 

In the embodiment of Figure 1, the catheter 20 has 
a proximal main shaft section 22, a distal shaft section 
24 and a balloon 26. The main shaft section 22 has a 
proximal end 28 and a distal end 30. Likewise, the distal 
shaft section 24 has a proximal end 32 and a distal end 
34. The balloon 26 has a proximal neck or waist 36, an 
intermediate expandable section 38 and a distal neck or 
waist 40. 

As illustrated in FIG. 1 . the distal end 30 of the main 
shaft section 22 is connected to the proximal end 32 of 
the distal shaft section 24, and the distal end 34 of the 
distal shaft section 24 is connected to the proximal neck 
36 of the balloon 26. In use, the catheter 20 is coupled 
to an inflation device (not shown) by a manifold 42, such 
as a luer manifold. The manifold 42 is connected to the 
proximal end 28 of the main shaft section 22. The infla- 
tion device provides or removes inflation solution from 
the catheter 20 to selectably inflate or deflate the inter- 
mediate expandable segment 38 of the balloon 26 (in 
FIG. 1, expandable segment 38 is showri in its inflated 
configuration). 

The catheter 20 of the present invention is 
designed for use in combination with a catheter guide 
element such as a guide wire 50. In use in a coronary 
application, both the guide wire 50 and the catheter 20 
are fed through and guided to an arterial lesion by 
means of a tubular guide catheter (not shown). Both the 
catheter 20 and the guide wire 50 are longer than the 
guide catheter, with a typical catheter length of approxi- 
mately 135 cm and a typical guide wire length of 
approximately 1 75 cm. As illustrated in FIG. 1 . the guide 
wire 50 extends longitudinally along the exterior of the 
main shaft section 22 and the distal shaft section 24 of 
the catheter 20. 

Adjacent the distal end 34 of the distal shaft section 
24. the guide wire 50 enters a lumen 52 in the catheter 
20 through a first proximal aperture or inlet 22' at the 
proximal neck 36 of the balloon 26. The lumen 52 
extends distally through the balloon until it exits the bal- 
loon 26 through a second distal aperture or outlet 94 at 
the distal neck section 40. As seen in FIG. 2, the guide 



wire lumen 52 provided through the balloon section 26 
Is relatively short compared to the overall length of the 
catheter 20. The guide wire 50 is only entrained in the 
catheter 20 through this guide wire lumen 52. 

5 In this embodiment, the guide wire lumen 52 is 
approximately equal to the length of the balloon 26, 
although it Is contemplated that the lumen 52 may be 
longer. For example, the guide wire inlet 22' may be 
positioned more proximally in the distal shaft section 24. 

10 It is believed that the guide wire inlet 22' may be placed 
about 5 cm. distally of the distal end of the main shaft 
section 22 and still having improved performance char- 
acteristics over presently available catheters. 

The guide wire 50 has a proximal end 53 and a dis- 

15 tal end 54 and is of a typical structure for guiding angi- 
oplasty catheters. At its distal end 54, the guide wire 50 
preferably has a coil and rounded tip structure which is 
bendable for steerability of the guide wire. 

Referring now to FIG. 2, which shows the proximal 

20 end of the catheter 20 in greater detail, it is seen that the 
proximal end 28 of the nfiain shaft section 22 has a 
strain relief tube 60 disposed between the luer manifold 
42 and main shaft section 22. The strain relief tube 60 is 
larger than the main shaft section 22, and thus provides 

25 a step-wise strain relief function between the relatively 
inflexible luer manifold 42 and the more flexible main 
shaft section 22. The main shaft section 22, strain relief 
tube 60 and luer manifold 42 are secured together 
respectively by suitable adhesive bonding means such 

30 as LOGTITE 405 available from Loctite Corp. (Newing- 
ton, Connecticut) OR UV MASTERBOND 4000 availa- 
ble from Masterbond (HackensacK New Jersey), or a 
urethane such as Prototype No. TL-03341 available 
from H. B. Fuller (St. Paul, Minnesota), and Tracon BA 

35 2135D, available from Tracon (Medford, Massachu- 
setts). 

In an exemplary embodiment, the total workable 
lengtii of the catheter 20 is approximately 135 cm. The 
preferred workable length of the main shaft 22 is 

40 approximately 1 06 cm. (the total length of the main shaft 
22 is 1 12 cm. including the part which typically is in the 
manifold 42). 

Refemng now to FIG. 4. the tubular shaft 23 of dis- 
tal shaft section 24 is tapered from a relatively larger 

45 proximal end 32 to a smaller distal end 34. The lengtii of 
the balloon 26 may be approximately between 20-50 
mm. The length of the guide wire lumen 52 is preferably 
in the range from 3.5 to 7 cm. 

so The Main Shaft Section 

The proximal main shaft section 22 is a relatively 
stiff tubular shaft. Preferably, the main shaft section 22 
is formed as a thin-walied, high strength stainless steel 
55 tube structure, which is commonly refenred t as hypo- 
dermic tubing or hypotube. A suitable hypotube has a 
nominal O.D. of approximately 0.584 mm (0.023 in.) and 
a nominal l.D. of approximately 0.432 mm (0.017 in.) 
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The main shaft section 22 is provided with a lubricous 
coating (such as polytetrafluoroethylene) to reduce fric- 
tional resistance. A suitable coating thickness is about 
12,7 (0.0005 In.). As a tubular structure, the interior 
of the main shaft section 22 is substantially hollow, and 5 
thus defines an inflation lumen 62 extending from the 
proximal end 28 to the distal end 30. The inflation lumen 
62 provides a path through which inflation fluid is pro- 
vided to and from the balloon 26. 

The thin-walled metallic tube structure of the main 
shaft section 22 is stiff enough to provide tiie desired 
pushability yet allows for a relatively small profile shaft 
at the proximal end of tiie catiieter. The inherent high 
strengtii nature of the metallic tube also allows it to witii- 
stand tiie fluid pressure necessary for proper catiieter 
operation. 

The high column strength and thickness of a hypo- 
tube shaft also gives the catiieter improved responsive- 
ness. That is. the balloon and the distal regions of the 
catiieter move more definitely (in a 1 :1 relationship) with 
motions Imparted at tiie catheter's proximal end by a 
physldan to actually "sense" tiie path-way as tiie catiie- 
ter is tracked. This improved responsiveness gives valu- 
able information to the physician regarding the passage 
of the catiieter to and ttirough tiie lesions. The catiieter 
Is. thus, extremely responsive to a doctor's controlling 
movement of tiie catiieter from its proximal end, while at 
the same time having a relatively small profile and 
enhancing catheter visualization via fluoroscopy. 

It will be recognized by tiiose skilled in ttie art tiiat 
other relatively stiff materials may be used for the main 
catiieter shaft section 22. For example, a braided poiy- 
imide or other relatively rigid conrposite material may be 
used. 

Catheter Dista l Shaft Section 

The distal shaft section 24 extends distally from the 
main shaft section 22 to the balloon neck 36. The distal 
shaft section 24 Includes a tubular shaft 23 and a transi- 
tion member 25. The tubular shaft 23 is more flexible 
than the main shaft section 22. In an exemplary embod- 
iment the tubular shaft 23 is a thermoplastic, such as 
high density polyetiiylene (HOPE). Such a tubular sec- 
tion may be formed by extrusion witii thermal mechani- 
cal drawing to form tiie necked section. The ^Interior of 
the tubular shaft 23 is also substantially hollow and 
defines an inflation lumen 82 extending from tiie proxi- 
mal end 32 to the distal end 34. HOPE is prefen-ed since 
it Is relatively lubricous. The lubricity may be furtiier 
enhanced by coating the outer surface of the shaft 
and/or tiie inner surface of tiie guide wire lumen with sil- 
icone. 

The proximal end 32 of the distal shaft 23 extends 
over tiie distal end 30 of the main shaft section 22 and 
is attached thereto by a suitable bond such as a 
cyanoacrylate adhesive. As best seen in FIG. 3. the 
inflation lumen 62 of the main tube section 22 is con- 



nected with tiie inflation lumen 82 of tiie distal shaft sec- 
tion 24. The tubular shaft 23 of tiie distal shaft section 
24 is bonded at its distal end to the neck 36 of tiie bal- 
loon member 26 at bonding region 74. The tubular shaft 
23 may be bonded to the balloon 26 by means of ure- 
thane adhesive such as No. UR3507 available from 

H. B. Fuller (St. Paul. Minnesota). 

The distal shaft 24 is tapered distally from Its rela- 
tively larger proximal end 32 to its thinner distal end 34. 
In an exemplary embodiment, tiie larger proximal end 
32 of tiie shaft section 23 is approximately 2 cm long 
(measured from tiie end of the distal end of tiie main 
shaft segment 22 to tiie taper) and has a nominal O.D. 
of approximately 0.787 mm (0.031 in.) and a nominal 

I. D. of approximately 0.66 mm (0.026 in.) The smaller 
distal end 34 is approximately 30 cm. long (measured 
from tiie taper to the proximal end of balloon neck 36) 
and has a nominal O.D. of approximately 0.66 mm 
(0.026 in.) and a nominal I.D. of approximately 0.533 
mm (0.021 in.). 

An aperture defined by a crimp 68 in the tubular 
shaft 23 is provided at the distal end 34 of tiie distal 
shaft section 24. The crimp 68 defines the guide wire 
inlet 22' for tiie catheter 20. The aimp 68 extends from 
its proximal origin adjacent the balloon neck 36 to Hs 
greatest lateral depth in the bonding region 74. The 
aimp 68. as furtiier illustrated in FIG. 3, does not seal 
off or close the inflation lumen 82, but transforms tiie 
inflation lumen 82 from a circular cross-section to a rel- 
atively crescent shape cross-section. It will be recog- 
nized by those skilled In the art that other configurations 
for the guide wire inlet are possible. 

One preferred metiiod of making the crimp 68 in tiie 
tubing for the plastic (preferably HDPE) distal shaft sec- 
tion 24 uses a forming blade and die an'angement. The 
forming blade has a crescent-shaped tip which is used 
to form tiie crescent-shaped crimp 68. The tubing is first 
loaded into the die which snugly envelopes most of tiie 
tube except for an opening for tiie blade. The tubular 
shaft is then pressurized, for example to 46.7 kPa (120 
p.s.l.). The blade is then forced onto tiie tubing to cold 
form the HDPE. The blade and die assembly is then 
dipped in a heated water batii. for example at SO"" C for 
about tiiree minutes. The assembly is then removed 
and dipped in cooler water, for example water at room 
temperature or cooler for about 1 minute. The tubing Is 
tiien removed from the assembly and trimmed to the 
desired lengtti. 

The transition member provides two related func- 
tions. Rrst. it provides axial or column strengtii to tiie 
distal shaft section 24. Second, it prevents kinking of tiie 
distal shaft section 24. As discussed above, the hypo- 
tube section 22 is relatively stiff and tiie distal shaft sec- 
tion 23 is relatively flexible. Further, with the guide wire 
50 in the guide wire lumen 52. relatively stiff sections 
are defined at botii ends of tiie distal shaft section 24. 
Without the transition member 25. such a configuration 
will tend to bend or buckle in tiie relatively flexible area 
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as an attempt is made to advance the catheter 20 
through the vasculature. The responsiveness of the 
catheter would thus be substantially diminished. Fur- 
ther, the catheter 20 might tend to kink at the transition 
section. 5 

The transition member 25 is a structural member 
which inaeases the stiffness of the distal shaft section 
24. The transition member 25 is less stiff (or has less 
axial strength) than the hypotube of the main shaft sec- 
tion 22 but is more stiff than the distal shaft 23. The tran- 
sition member, however, is configured to be more 
trackable than the main shaft section 22. Thus, the 
pushability of the distal shaft section 24 will preferably 
be more pushable than the distal shaft 23 and yet be 
more trackable than the main shaft section 22. 

In the preferred embodiment, the transition member 
25 comprises a solid core wire which is attached at its 
proximal end to the hypotube 22 by brazing or other 
suitable means and to the guide wire lumen 52 and 
marker band 96 at its distal end by adhesive bonding or 
other suitable means. In one preferred method for bond- 
ing the core wire 25 to the guide wire lumen 52 and 
marker band 96, the wire is suspended by means of a 
magnetic field such that it is centered in on the bottom 
side of the outer surfcice of the guide wire lumen 52. The 
magnetic field is such that the core wire is at equilibrium 
when it is centered. Once the core wire is positioned 
and aligned with the marker band 96, the bond is made. 

The core wire 25 preferably provides varying flexi- 
bility along its length such that its flexibility increases in 
the distal direction. As illustrated best in Figure 6 (not 
shown to scale), this may be accomplished by having a 
core wire with one or more ground tapers. In an exem- 
plary embodiment, the core wire 25 is made of V304 
stainless steel and manufactured by centerless grind- 
ing. The core wire 25 preferably has four main sections, 
25A, 25B, 25C and 25D and a distal bonding section 
25E. The core wire 25 is preferably stress relieved by 
exposing the wires before grinding to a temperature in a 
range of from 260"C to 427»C (500«F to 800»F) for a 
time period from about 30 min. to aboui 6 hours, and 
preferably at 399**C (750°F) for about 5 hours including 
ramp-up time. The first proximal section 25A is approxi- 
mately 31.7 mm (1.25 in.) long and has a diameter of 
approximately 0.3 mm (0.012 in.). The second middle 
section 25B is approximately 10.2 cm (4 in.) long and 
has a diameter of about 0.241 mm (0.0095 in.). The 
third section 25C is approximately 1 1 .7 cm (4.6 in.) long 
and has a diameter of about 0.178 mm (0.0070.). The 
fourth section 25D is preferably approximately 3.175 
mm (0.125 in.) long and has a diameter of approxi- 
mately 0.076 mm (0.0030 in.). The fourth section 25D of 
the core wire 25 provides a smooth transition from the 
stiffness of the core wire to the stiffness of the combina- 
tion of the balloon 26 and guide wire 50. As illustrated in 
Figure 7. the most distal section 25E is flattened to facil- 
itate bonding. The preferred dimensions for D1 and D2 
are 0.0356 mm (0.0014 In.) and 0.102 mm (0.0040 in.), 



respectively and tiie preferred lengtii is about 1.3 mm 
(0.051 in.) 

In this embodiment, the length of the distal shaft 
section 24 (from the end of tiie hypotube 22 to approxi- 
mately the guide wire lumen opening) is about 29 cm. It 
will be recognized tiiat tiiis length may vary depending 
on tiie ottier dimensions of tiie catiieter as well as tiie 
intended use. For example, tiie length of the distal shaft 
section 24 is preferably in a range from about 25 cm to 
about 40 cm. It will be appreciated tiiat the dimensions 
and configurations of the core wire 25 will vary depend- 
ing on the lengtii of tiie distal shaft section 24. 

Catheter Balloon 

The balloon 26 extends distally from tiie distal shaft 
section 24 and is bonded tiiereto adjacent the bonding 
region 74. A suitable balloon material is a polyolefin 
which has been treated by radiation cross linking. The 
balloon 26 may also be silicone coated. A suitable poly- 
olefin is available from E. I. DuPont Nemours & Co. 
(Wilmington. Delaware) under the tradename SURY- 
LYN® lonomer. 

The balloon 26 includes tiie guide wire lumen 52 
extending tiirough Its entire lengtii. TYie guide wire 
lumen 52 is preferably formed from tiiin-walled high 
density polyethylene. In an exemplary embodiment, tiie 
tube for the guide wire lumen is approximately 3.5 cm. 
long and has a nominal O.D. of approximately 0.533 mm 
(0.021 in.) and a nominal I.D. of approximately 0.406 
mm (0.016 in.) 

Tiie distal open end 94 of the guide wire lumen 52 
provides an outlet at tiie distal neck portion 40 of tiie 
balloon 26. and the proximal open end 22' of the guide 
wire lumen provides an inlet at tiie proximal neck por- 
tion 36 of the balloon 26. The guide wire lumen 52 is 
bonded to the balloon 26 at tiie distal neck 40 and tiie 
proximal neck 36. A suitable bonding material for bond- 
ing the guide wire lumen 52 to tiie balloon section 26 is 
uretiiane adhesive, such as a urethane available as No. 
UR3507 available from H. B. Fuller (St. Paul. Minne- 
sota). 

At least one band marker 96 is provided about tiie 
guide wire lumen (preferably centered within the 
expandable segment 38 of the distal balloon section 26) 
to aid in determining the position of the catiieter 20 via 
fluoroscopy during an angioplasty procedure. 

The distal end 34 of the shaft 23 of the ti-ansition 
section 24 is also bonded by a urethane, such as No. 
UR3507 available from H. B. Fuller (St. Paul, Minne- 
sota) to the opening of the proximal neck portion 36 In 
an area immediately adjacent to the guide wire lumen 
52. TTie distal end 34 and tiie guide wire lumen 52 are 
bonded to the proximal neck 36 in such a manner that 
tiie inflation lumen 82 of the distal shaft section 24 is in 
fluid communication with the interior 106 of the balloon 
26, while at the same time, the interior of the balloon 26 
is sealed off from the atmosphere. As illustrated best in 
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Figure 3, the guide wire lumen 52 is thus affixed to the 
proximal neck 36 in an "off axis" alignment. 

Preferably, some of the plastic parts of the catheter 
are plasma treated to increase their bonding character- 
istics. For example, the outer surface of the guide wire 
tube, the HOPE distal shaft, the manifold, and the strain 
relief between the manifold and hypotube may be 
plasma treated using helium or oxygen plasma treating 
techniques. 

The present invention is described above with refer- 
ence to a dilatation balloon as the means for reducing 
the stenosis. Other stenosis reducing mechanisms may 
also be used. For example, the device for reducing or 
ablating the stenosis may be an atherectomy-type cut- 
ter, a laser device, a water jet device and sonic or ultra- 
sonic therapeutic devices. The present invention may 
also be used with other interoperative devices such as 
drug delivery devices, ultrasonic imaging devices, and 
perfusion devices. 

Conclusion 

The transition member, such as core wire 25, (par- 
ticularly one with a tapered design) allows the proximal 
guide wire opening 22* to be placed near the proximal 
neck 36 of the balloon 26. In the present embodiment, 
the guide wire lumen 52 extends only through the bal- 
loon 26, and thus the length of the guide wire lumen 52 
is approximately equal to the length of the balloon 26 
(preferably about three centimeters). 

The core wire 25 creates an intermediate stiffener 
element between the relatively stiff main shaft section 
22 and the relatively flexible tubular shaft 23 of distal 
shaft section 24 to optimize tracking and pushing. 

The balloon dilatation catheter of the present inven- 
tion is an over-the-wire catheter structure with a distal 
guide wire lumen which optimizes the performance of 
such a catheter in a way not previously considered or 
achieved. The use of a hypotube-type main shaft for the 
catheter allows the attainment of a high strength, push- 
able shaft having thin waits and small diameter. 

The reinforcing and kink-resistant tapered core wire 
allows the proximal guide wire lumen inlet to be placed 
distally from the end of the main shaft section and near 
the proximal end of the balloon. The core wire also pro- 
vides a more gradual transition between the relatively 
stiff main catheter shaft and the relatively flexible distal 
section of the catheter shaft The distal shaft section 24 
has good pushability while still being very trackable. 

Although the present invention has been described 
with reference to preferred embodiments, workers 
skilled in the art will recognize that changes may be 
made In form and detail without departing from the 
scope of the claims. 

Claims 

1. An intravascular over-the wire catheter (20) com- 



prising: 

a main shaft segment (22) defined by a tube, 
the main shaft segment having a proximal end 

5 (28) and a distal end (30); 

a balloon (26) provided with a guide wire lumen 
(52) extending from a guide wire lumen inlet 
(22*) located proximal the balloon and spaced 
distally from the distal end (34) of the main 

10 shaft segment (22) to a guide wire lumen outlet 

(94) located distal of the balloon, the guide wire 
lumen inlet (22") and the guide wire lumen out- 
let (94) leading to the exterior of the catheter; 
a distal shaft segment (23. 24) connected 

75 between the distal end of the main shaft seg- 

ment and the balloon; 

the main shaft segment and the distal shaft 
segment having an inflation lumen (62. 82) 
defined therethrough to provide inflation pres- 
to sure to the balloon; 
characterized by 

a flexible transition member comprising a solid 
core wire (25) attached to the main shaft seg- 
ment (22) and extending substantially linearly 
25 into the distal shaft segment (23,24), the core 

wire being less rigid than the main shaft seg- 
ment. 

2. The intravascular catheter of claim 1 therein the 
30 solid core wire (25) has multiple sections (25A. 

25B, 25C, 25D) of differing outside diameters. 

3. The intravascular catheter of claim 2 wherein the 
diameter of each section (25A, 25B. 25C. 25D) of 

35 the core wire (25) is smaller than the diameter of a 
next proximal section. 

4. The intravascular catheter of any one of the preced- 
ing daims wherein the guide wire lumen (52) is at 

40 least as long as the balloon (26). 

5. The intravascular catheter of any one of the preced- 
ing claims wherein the balloon (26) includes a prox- 
imal neck (36) and the guide wire inlet (22*) is 

45 disposed adjacent the proximal balloon neck. 

6. The intravascular catheter of any one of the preced- 
ing claims wherein the guide wire lumen inlet (22*) 
is disposed at least 5 cm from the distal end (30) of 

50 the main shaft segment (22). 

7. The intravascular catheter of any one of claims 1 to 
5 wherein the guide wire lumen inlet (22') is dis- 
posed about 5 cm from the distal end (30) of the 

55 main shaft segment (22). 

8. The intravascular catheter of any one of the preced- 
ing claims wherein the soiki core wire (25) extends 
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at least between the distal end (30) of the main 
shaft segment (22) and the guide wire lumeti inlet 
(220. 

PatentansprQche s 

1 . Intravaskuiarer "Ober-den-Draht"-Katheter (20) ver- 
sehen mit: 

einem Hauptschaftsegment (22), das von einer io 
Rdhre bestimmt ist und ein proximales Ende 
(28) sowie ein distales Ende (30) aufweist; 
einem Ballon (26). der m'rt einem FQhrungs- 
drahtiumen (52) versehen ist. welches sich von 
einem FOhrungsdrahtlumeneinlaB (22*), der is 
proximal des Ballons vorgesehen und distal in 
Abstand von dem distalen Ende (34) des 
Hauptschaftsegments (22) angeordnet ist, bis 
zu einem FQhrungsdrahtlumenauslaB (94) 
erstreckt. der distal von dem Ballon angeordnet so 
ist, wobei der FOhrungsdrahtlumeneinlaB (22*) 
und der FuhrungsdrahtlumenauslaB (94) von 
dem Katheter nach auBen fOhren; 
einem das distale Ende des Hauptschaftseg- 
ments und den Ballon verbtndenden distalen 25 
Schaftsegment (23. 24); 
einem durch das Hauptschaftsegment und das 
distale Schaftsegment bestimmten Inf lationslu- 
men (62, 82), um dem Ballon etnen Inflations- 
druckzuzufuhren; so 
gekennzeichnet durch 

ein flexibles UbergangsstOck, welches einen 
soliden Kerndraht (25) aufweist, der an dem 
Hauptschaftsegment (22) angebracht ist und 
sich linear in das distale Schaftsegment (23, 3S 
24) erstreckt, wobei der Kerndraht nicht so steif 
wie das Hauptschaftsegment ist. 

2. Intravaskuiarer Katheter nach Anspruch 1 , bei wel- 
chem der solide Kerndraht (25) mehrere Abschnitte 40 
(25A, 25B, 25C. 25D) mit unterschiedllchem 
AuBendurchmesser aufweist. 

3. Intravaskuiarer Katheter nach Anspruch 2. bei wel- 
chem der Durchmesser jedes Abschnitts (25A. 45 
258, 25C, 25D) des soliden Kerndrahts (25) kleiner 

als der Durchmesser des nachsten proximalen 
Abschnitts ist. 

4. Intravaskuiarer Katheter nach einem der vorherge- so 
henden AnsprOche. bei welchem das FQhrungs- 
drahtlumen (52) mindestens so lang wie der Ballon 
(26) ist. 

5. Intravaskuiarer Katheter nach einem der vorherge- ss 
henden AnsprOche. bei welchem der Ballon (26) 
einen proximalen Hals (36) aufweist und der FOh- 
rungsdrahtlumeneinlaB (22*) benachbart dem pro- 



ximalen Bailonhals angeordnet ist. 

6. Intravaskuiarer Katheter nach einem der vorherge- 
henden AnsprOche, bei welchem der FOhrungs- 
drahtlumeneinlaB (22*) mindestens 5 cm vom 
distalen Ende (30) des Hauptschaftsegments (22) 
entfemt angeordnet ist. 

7. Intravaskuiarer Katheter nach einem der AnsprO- 
che 1 bis 5, bei welchem der FOhrungsdrahtlumen- 
einlaB (22*) etwa 5 cm vom distalen Ende (30) des 
Hauptschaftsegments (22) entfemt angeordnet ist. 

8. Intravaskuiarer Katheter nach einem der vorherge- 
henden AnsprOche, bei welchem sich der solide 
Kerndraht (25) zwischen mindestens dem distalen 
Ende (30) des Hauptschaftsegments (22) und dem 
FOhrungsdrahtlumeneinlaB (22*) erstreckt. 

Revendications 

1 . Catheter k enf iler intravasculaire comportant : 

un segment de corps principal (22) d§finl par 
un tube, le segment de corps principal ayant 
une extr^mit^ proximale (28) et une extr6mit6 
distale (30); 

un ballonnet (26) pourvu d'un passage de f 11 de 
guidage (52) s*6xendant depuis une entree de 
passage de fil de guidage (22*) disposes k 
proximity du'ballonnet et espac^e de mani^re 
distale de rextr6mit6 distale (34) du segment 
de corps principal (22) jusgu'a une sortie de 
passage de fil de guidage (94) dispos^e de 
mani^re distale par rapport au ballonnet. 
I'entr^e de passage de fil de guidage {22') et la 
sortie de passage de fil de guidage (94) con- 
duisant k Text^rieur du catheter; 
un segment de corps distal (23. 24) reWk entre 
I'extr^mitd distale du segment de corps princi- 
pal et le ballonnet; 

le segment de corps principal et le segment de 
corps distal ayant un passage de gonf lage (62. 
82) d6f ini k travers af in de d^livrer une pression 
de gonflage au ballonnet; 
caract6ris6 par 

un 616ment de transition flexible comportant un 
fil d*ame plein (25) fix6 sur ledit segment de 
corps principal (22) et s'^tendant de manidre 
sensiblement lin^aire dans le segment de 
corps distal (23, 24), te fiPd'ame 6tant moins 
rigide que le segment de corps principal 

2. Catheter intravasculaire selon la revendication 1, 
dans lequel lefil d'dme plein (25) poss^e plusieurs 
sections (25A, 25B. 25C, 25D) de diam^tres &Ak- 
rieurs diff^rents. 
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3. Catheter intravasculaire selon la revendication 2. 
dans lequel le diam^tre de chaque section (25A, 
25B, 25C. 25D) du fil d'Sme (25) est inf^rieur au 
diam^re d'une section proximale suivante. 

5 

4. Catheter intravasculaire selon Tune quelconque 
des revendications pr^c^entes, dans lequel le 
passage de fil de guldage (52) est au molns aussi 
long que le ballonnet (26). 

10 

5. Catheter intravasculaire selon Tune quelconque 
des revendlcations pr^c^entes. dans lequel le bal- 
lonnet (26) comprend un col proximal (36) et 
Tentr^e de fil de guldage (22*) est dispos^e de 
faQon adjacente au col de ballonnet proximal. is 

6. Catheter Intravasculaire selon Tune quelconque 
des revendications pr6c6dentes, dans lequel 
I'entrde de passage de fil de guidage (22') est dis- 
pos^e k au moins 5 cm de I'extr^mit^ distale (30) so 
du segment de corps principal (22). 

7. Catheter intravasculaire selon Tune quelconque 
des revendications 1 k 5. dans lequel I'entr^e de 
passage de fil de guidage (22*) est dispos6e d envi- 25 
ron 5 cm de I'extr^mit^ distale (30) du segment de 
corps principal (22). 

8. Catheter intravasculaire selon Tune quelconque 
des revendications pr6c6dentes, dans lequel le fil 30 
d'dme plein (25) s'^tend au moins entre Textr^mit^ 
distale (30) du segment de corps principal (22) et 
Tentr^e de passage de fil de guidage (22'). 
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